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Abstract: The cambium activity of Quercus petraea (Mattuschka) Liebl. (sessile oak) in Atatürk Arboretum (Belgrade Forest,
‹stanbul) was studied by mounting 5 manual and 5 electronic dendrometers on 5 dominant trees very near to each other (2-5 m).
Cambium activity began during the first week of May in 2003, and 1 month earlier, the first week of April, in 2004. The fast
growing season for both years was May to July, accounting for 90% of diameter increase. Earlywood/latewood ratios measured on
tree rings varied principally with changes in latewood widths, as affected by climate. The highest and most significant correlations
were between soil moisture at different depths and 10-day lagged growth forward, 0.78-0.96 in 2003, and 0.22-0.79 in 2004.
We found only slight summer dormancy in this humid region, restricted to dry and hot summer days.
Key Words: Quercus petraea, sessile oak, cambium activity, dendrometer, Belgrade Forest, Atatürk Arboretum

‹stanbul-Belgrad Orman›’ndaki Saps›z Meﬂe (Quercus petraea) Kambiyum Faaliyeti
Özet: ‹stanbul - Belgrad Orman›, Atatürk Arboretumunda bulunan Quercus petraea (Mattuschka) Liebl. (Saps›z meﬂe) a¤açlar›ndan
dominant olan ve birbirlerine çok yak›n bulunan (2-5 m) 5 tanesine, manual ve elektronik dendrometreler ba¤lanarak, kambiyum
faaliyeti incelenmiﬂtir. Kambiyum faaliyeti, 2003 y›l›nda may›s ay›n›n ilk haftas›, 2004 y›l›nda ise nisan ay›n›n ilk haftas›nda
baﬂlam›ﬂt›r. Kambiyum faaliyetinin baﬂlama dönemleri aras›nda, s›cakl›¤a ba¤l› olarak 1 ay gibi geniﬂ bir varyasyon ortaya ç›km›ﬂt›r.
Kambiyum faaliyetinin en h›zl› oldu¤u dönem, her iki y›lda da may›s-temmuz aylar› olup, çap art›ﬂ›n›n yaklaﬂ›k %90’› bu dönemde
gerçekleﬂmiﬂtir. Y›ll›k halka içerisindeki ilkbahar/yaz odunu oranlar›, iklim de¤iﬂkenleri taraf›ndan etkilenen yaz odunu geniﬂli¤ine
ba¤l› olarak büyük de¤iﬂimler göstermiﬂtir. Kambiyum faaliyetini etkileyen en önemli faktör toprak nemi olup, de¤iﬂik derinlik
kademelerindeki toprak nem de¤erleri ile 10 gün sonraki büyüme de¤eri aras›ndaki korelasyon katsay›lar›, 2003 y›l›nda 0.78-0.96
ve 2004 y›l›nda 0.22-0.79’dur. Bu de¤erler, ya¤›ﬂlar›n daha düﬂük oldu¤u 2003 y›l›nda çok daha yüksek ve anlaml›d›r. Kambiyum
faaliyetindeki yaz aylar›nda görülen duraklaman›n, sadece s›cak ve kurak yaz günleriyle s›n›rl› oldu¤u saptanm›ﬂt›r.
Anahtar Sözcükler: Quercus petraea, saps›z meﬂe, kambiyum faaliyeti, dendrometre, Belgrad orman›, Atatürk Arboretumu

Introduction
Cambial activity and its derivatives (wood formation)
are important in some forestry applications and planning.
However, no studies of daily or short-term (weekly/10day) activity of the cambia plate of any tree species have
been carried out in Turkey. Bozkurt (1966) studied treering formation in the sessile oak in Belgrade Forest
(‹stanbul), and determined that the cambium began to

divide at the end of March and stopped at the end of
September of 1957-58. Kayacık (1957) stated that the
onset of growth of the sessile oak in Belgrade Forest
varied by as much as 1 month. Akkemik and Da¤deviren
(2000) found a high positive correlation between MayJuly precipitation and tree-ring width of this species in
Belgrade Forest. Correlation with temperature in the
same period was low and not significant.

* Correspondence to: uakkemik@istanbul.edu.tr
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Cherubini et al. (2003) found that tree-ring formation
in Mediterranean environments is affected by winter
dormancy (in northern areas and at upper elevations) and
summer dormancy (in southern areas and particularly dry
lands). The sessile oaks in Belgrade Forest in mainly the
northern part of the Mediterranean Basin (Marmara
region of Turkey) have winter dormancy (Figure 1).
However, we have no evidence on the effect of long- or
short-term summer dormancy on tree growth in this
region or in Turkey.
Dendrometers give valuable information for
investigating cambial activity during the growth period.
Many studies have been carried out with manual and
electronic dendrometers in different regions of the world
(Molz and Clepper, 1973; Brough et al., 1986; Downes
et al., 1999; Gensler, 1999; Zweifel et al., 2000;
Wimmer et al., 2002), but no dendrometer results have
been reported from Turkey. The aim of this study was to
determine daily and 10-day periods of cambial activity of
the sessile oak, and to investigate the relationships
between the precisely documented cambial growth and
environmental factors, particularly temperature,
precipitation, and soil moisture.
Study Area
The study area is located in Atatürk Arboretum,
within Belgrade Forest, just north of ‹stanbul (Figure 1).
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Materials and Methods
Five dominant trees of Quercus petraea very near to
each other (2-5 m) within 100 m2 were selected on which
to mount dendrometers. Selected features of these trees
are given in Table 1. Five manual and 5 D6 model
electronic dendrometers were mounted ca. 2 m from the
soil level. Daily circumferential changes were measured
with the D6 dendrometers, whereas the 10-day growth
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The latitude and longitude of the study area are
41.10.705 N, 28.59.000 E. The altitude is 105 m a.s.l.,
aspect is east, and climate type is humid with water deficit
in summer at the middle level. Karaöz (1991) classifies
the soils in the Atatürk Arboretum as brown forest soils
with typical pseudogley. The soil type is clay with sandy
inclusions, and sandy with clay inclusions (Eruz, 1980).
The forest around the study area is mainly composed of
Quercus petraea, Q. frainetto Ten., Q. robur L., Fagus
orientalis Lipsky, Castanea sativa Miller, Carpinus betulus
L., Alnus glutinosa (L.) Gaertn., Salix alba L. and Ulmus
minor Miller. The shrubs consist principally of Arbutus
unedo L., Erica arborea L., Calluna vulgaris (L.) Hull.,
Cistus creticus L., Daphne pontica L. and Hedera helix L.,
all interspersed with the Quercus trees in the forest
(Yaltırık, 1966). Quercus petraea is the main tree species
in the study area.
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Figure 1. Location of sampled area.
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Table 1. Some characteristics of the sampled trees.

Sample
trees

Diameter
at breast
height (cm)

Height
(m)

Age
(year)

Crown
height
(m)

Crown
width
(m)

Tree1
Tree2
Tree3
Tree4
Tree5

20*
21
18
26
25

17
17
17
18
18

64
65
63
59
60

3
3
4
4
4

2
2
2
3
4

* Last rings were very narrow.

was measured with the manual dendrometers during the
growth period (March-September) of 2003 and 2004.
Measurement accuracy is 0.005 mm in the D6
dendrometers and 0.25 mm in the manual ones. While
we were taking continuous measurements with manual
dendrometers, some problems arose in the
measurements taken by the D6 electronic dendrometers,
largely because of an ant outbreak around and within the
datataker.
During all measurements, soil samples at 0-5, 5-15,
15-30, 30-50 and 50-70 cm depths were extracted to
measure humidity changes over 10-day periods.
Measurement results were compared with temperature,
precipitation and soil water content using correlation
analysis. In addition, increment cores, 2 per tree, were
extracted using an increment borer to measure
earlywood/latewood ratios.

Results and Discussion

Cambial growth: Both manual and electronic
dendrometer results show that cambial growth had
begun in the first week of May in 2003, and 1 month
earlier, in April of 2004. According to our phenological
observations, in 2003 leaf formation began April 30 and
completed ca. May 30, and began autumn coloration after
September 20. In 2004, leaf formation was 1 month
earlier (from April 1 to 30), and coloration was after
September 15. Temperature in early spring promotes
growth. Total daily temperature from January to May in
2003 is 583 ºC, and that from January to April in 2004
is 987 ºC. The reason for this 1-month variation is
temperature in winter and early spring. Kayacık (1957)
had noted and documented a similar 1-month variation in
the beginning time of leaf formation. According to the 5

manual dendrometers, results of total circumferential
increments were 1.0 (1.0), 2.5 (2.5), 2.2 (2.0), 7.4
(7.2), and 5.0 (5.0) mm in 2003, and 0.6 (0.5), 4.1
(4.0), 3.0 (3.1), 9.6 (9.5), and 6.6 (6.3) mm in 2004,
respectively. The values within parentheses are the
results from the electronic dendrometers.
Manual dendrometers gave good results for 10-day
growth (Figures 2a-d). In 2003, trees 4 and 5 put on
faster growth than the others, with the lowest recorded
growth rate in tree 1. However, the growth curves from
all 5 trees show the same relative response during the
fast growing period in May through July. After July,
growth rates decreased, and by the end of August growth
on all 5 trees had ceased altogether. However, an
insignificant circumferential change was seen in
September, because of heavy rain during that time. The
reason for this increase may be swelling of the phellem
and phloem tissues in the bark, because a decrease similar
in magnitude to the increase was measured just after
rainy days. In 2004 (Figure 2b), growth began in April, 1
month earlier than the growth recorded for 2003, and
continued through May to August. However, the fast
growing season for all 5 trees in this study is May to July.
The growth in 2004 stopped entirely by the end of
August. As in 2003, trees 4 and 5 were the fastest
growing, and tree 1 had the lowest recorded
circumferential growth in 2004. Despite the fact that the
5 trees grew in the same natural conditions, their growth
rates vary demonstrably (Figure 2c and d). The reasons
may be genetic differences, and/or root and crown
competition between the trees. Circumferential growth
differs in the 2 years, with higher rates in 2004. Notably,
precipitation in 2004 was higher, with 139.2 mm during
May-July, and mean temperature was 16.9 °C in the
same period. For comparison, the precipitation was 12.3
mm and mean temperature 18.2 °C in 2003. In Figure
3a-d, monthly total growth is given. The same results can
be seen as monthly aggregates. Fast growth can be
clearly seen during May-July in the figures.
About 90% of the growth was completed by the end
of July in both years (Figure 4). As a result, we can
conclude that sessile oak growth in Belgrade Forest
occurs mainly during May-July. After this period, growth
is insignificant as a climatic indicator. Bozkurt (1966)
suggested that 30% of growth occurred during May.
According to our findings, 30%-50% of growth occurred
during this month.
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Figure 2. Peripheral increments measured with manual dendrometer during 2003 (a) and 2004 (b), and their cumulative (c, d).

Some measurements during the fast growing period
of 2003, obtained from electronic dendrometers, are
given in Figure 5. For clarity, only mean growth curves
are given in the figures. Especially during 2.00 pm-6.00
pm, a decrease in diameter was measured, followed by an
increase in the early morning, before sunrise. These
within-day changes depend on the hourly temperature
and water usage. Molz and Klepper (1973), Brough et al.
(1986) and Zweifel et al. (2000) found that 90% of daily
fluctuations, measured with electronic dendrometers,
432

occur in the bark tissue, and the remainder (10%) in the
stem. In Figure 5a, fast growth can be seen during June
10-15, 2003. Other fast growth is after July 5, 2003
(Figure 5b). In contrast, because of low precipitation, a
slight decrease was measured during July 9-10, 2003.
Examples of averaged daily growth in 2004 are given
in Figure 6. Figure 6a shows daily changes during July 6
and 7, 2004. July 6 was a hot and sunny day with 21.6
°C mean temperature. July 7 was a cloudy day. On a hot
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Figure 3. Monthly peripheral increments (a, b) and their cumulative (c, d).

and sunny day (July 6), water loss increases and a
decrease in diameter occurs. The decrease in diameter
occurs because of plasmolysing and losing turgor in cells
in the afternoon. Throughout the evening, plants gain
turgor, returning to the morning levels. This daily change
can clearly be seen in the records from July 6 (hot and
sunny), but not as clearly in the records from July 7
(cloudy). In contrast to the example provided for July 6
and 7, after an episode of high precipitation, as in the
example for August 15 and 16, fast growth is clearly seen

(Figure 6b). The reasons for this change include not only
regaining turgor in the cells (as in 6a), but, more
importantly, increased cambial activity from the input of
precipitation and swelling of the pholem and dead cells
(phellem) in the bark. Again, as in Figure 6a, the data for
August 29 and 30 (Figure 6c) document a decrease in the
radial circumference. On August 29, water loss occurred
at ca. 4.00 p.m., and on August 30, water loss began at
mid-day, and was more severe. Both of these days were
hot already at noon (Figure 6c). Over the 10-day period,
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Figure 4. Percentages of circumferential increments in 2003 (a) and 2004 (b).

August 2-11 2004, the documented change correlates
most strongly with daily temperature (Figure 6d). On
August 4, there was no swelling in the trunks of trees,
and the reason may be that the maximum temperature
that day was higher, i.e. 30 °C.

The earlywood/latewood ratios in the annual rings of
2003 and 2004: The earlywood/latewood ratios were
studied on the increment cores extracted with an
increment borer (Table 2). In 2003, after formation of
the earlywood (82% of total volume) in tree 1, latewood
formation is low, with a rate of 18%. In contrast, in the
same year, the earlywood/ latewood ratio in tree 4 is
almost the complete opposite: 29% and 71%. These
results closely parallel those of the measurements from
the dendrometers. Oak, as a ring-porous tree, forms
part of its earlywood every year (or rarely just from the
previous year). In contrast, latewood formation depends
more on the climate (precipitation and temperature) of a
given year, and in a smaller part on the stand dynamics
around the given tree. In 2004, more humid than 2003,
latewood ratios are higher, largely because of the higher
precipitation in that year. In tree 1, the ratio of latewood
(45%) to earlywood (55%) is nearly equal. In tree 4, the
earlywood/latewood ratio is the lowest, 16%/84%
(Table 2).
The relationships between growth and some
environmental factors: About 90% of the annual ring
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formed during May through July of 2003. Environmental
conditions in these months controlled growth. Despite
preconditions such as the prior year’s growth, autumn
and winter climatic conditions are still important for
current growth (Fritts, 1976); as also stated by the same
reference, the most important features affecting tree
growth are those during the same period with growth.
Trees throughout Turkey respond mainly to springsummer precipitation in the same year (Touchan et al.,
2003, 2005; Akkemik and Aras, 2005; Akkemik et al.,
2005). Whereas temperature during May-July has a
negative correlation, precipitation during the same
months provides a positive correlation (Table 3). Because
2003 was dryer and hotter, correlations are higher than
those recorded for 2004. This result, not surprisingly,
agrees with our previous dendroclimatological results
(Akkemik and Da¤deviren, 2000) for the same species in
the same forest.
After rainfall, a considerable amount of the water
infiltrates the soil, where it is stored, providing nutrients
to the roots. The correlations between tree growth and
soil moisture show that use of the water in the soil can
change depending on the climate year to year (Table 4).
Ten-day lagged tree growth shows a very high and
significant correlation with soil moisture. Because 2003
was drier and hotter, the correlations were higher than
those of the following year, which was more humid.
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Figure 5. Averaged peripheral changes measured with electronic dendrometers: (a) During June 10-15, 2003; (b) During July 4-7, 2003; (c) During

July 9-10, 2003.
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Figure 6. Averaged peripheral changes under different conditions during the summer of 2004.

Table 2. The ratios of early/latewood during 2003 and 2004.
2003
Sample
trees

Table 3. Correlations between tree growths measured using manual
dendrometers and climatic parameters.

2004
Climate characteristics

Earlywood
(%)

Latewood
(%)

Earlywood
(%)

Latewood
(%)

May-July 2003

May-July 2004

Max. temperature

-0.25

-0.17

Mean temperature

-0.01

-0.20

-0.09

-0.17

Tree 1

82

18

55

45

Min. temperature

Tree 2

47

53

22

78

Relative humidity

0.39

0.02

Tree 3

52

48

25

75

Precipitation

0.33

0.23

Tree 4

29

71

16

84

Tree 5

46

54

21

79
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Table 4. Correlations between soil water in different depths with tree growth in same period and 10-day lagged.
2003

Soil depths

Correlation
coefficients
(with growth in the
same period)

2004
Correlation
coefficients
(with growth lagged
10-days forward)

Correlation
coefficients
(with growth in the
same period)

Correlation
coefficients
(with growth lagged
10-days forward)

0-5 cm

0.03

0.78

-0.14

0.79

5-15 cm

-0.23

0.90

-0.64

0.38

15-30 cm

-0.19

0.84

-0.40

0.35

30-50 cm

-0.20

0.92

-0.17

0.59

50-70 cm

0.05

0.93

-0.67

0.22

Total soil water

-0.12

0.96

-0.52

0.49

After high precipitation, abrupt increment changes are
measured with electronic dendrometers. After
precipitation, on sunny days, the bark begins to lose its
water and a decrease in radial growth is measured. Molz
and Klepper (1973), Brough et al. (1986) and Zweifel et
al. (2000) all documented abrupt increases and decreases
in phloem tissue in the bark. In our study, the abrupt
increase in September 2003 is likely due to swelling in
the pholem and the dead phellem tissue of the bark after
a brief period of high precipitation.

As a result, we may conclude that the cambia plate of
Quercus petraea is very active only during May, June, and
July, and the main and significant factor affecting its
activity is soil moisture in such conditions. This study
includes the first results on the short-term cambial
activity of forest trees, and we anticipate the need for
more studies on this subject to present the data to
foresters working in different branches throughout
Turkey.

During hot and dry summer days, growth ceased. This
is hardly similar to the double stress in the typical
Mediterranean conditions explained by Liphschitz et al.
(1981a, 1981b, 1984, 1986), Lev-Yadun (2000) and
Cherubini et al. (2003). In Belgrade Forest, located in the
Marmara region (mainly northern Mediterranean
conditions), this case is restricted to only hot and dry
summer days. However, in the near future, together with
the effects of global warming, the duration of summer
stress conditions may increase in this region, as well.
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